Introduction
============

One of the most common aging diseases is dementia.[@b1-ndt-12-533] Demographic changes of the world's population and an expected increase in the occurrence of age-related diseases, including dementia, are a subject of special interest. Dementia affects \~5.4% of people aged 65 years and above, and its prevalence increases with age. At present, there are \~47.5 million people suffering from dementia worldwide, and the number has been increasing by 7.7 million every year. It is estimated that 57.7% of these people with dementia were located in developing countries in 2010. And it is expected that by 2030, the total number will have risen to 70.5% and by 2050 it will have increased by three times, to 135.5 million.[@b2-ndt-12-533]

Dementia is one of the main reasons for incapacity and dependency of elderly people all over the world. It is one of the brain diseases that cause a significant decline in mental performance. It usually starts with a gradual loss of memory, attention, and reasoning abilities. There are different reasons behind this process such as an impediment to blood flow into the brain, stroke, malnutrition, or trauma. The most common types of dementia are as follows: Alzheimer's disease (AD), vascular dementia, dementia with Lewy bodies, mixed dementia, Parkinson's disease, frontotemporal lobar degeneration, Creutzfeldt--Jakob disease, and normal pressure hydrocephalus.[@b1-ndt-12-533]

Dementia is not just a particular disease with one cause, it is a syndrome. More specifically, it is an accumulation of symptoms, especially disorders in cognitive functions, including language, that together cause problems in daily functioning.[@b3-ndt-12-533] Cognitive disorders can vary from serious mental retardation to inability to recall things, to the loss or disorder of specific cognitive functions, especially language. These cognitive impairments can be categorized as follows:[@b4-ndt-12-533] memory, perception, problem-solving, conceptual, and language disorders. Memory disorders involve problems with obtaining information from short-term, long-term, and remote memory. This causes difficulties in recognizing and retrieving information. Perception disorders consist of difficulties with sensory information. Problem-solving disorders are connected with difficulties in identifying problems, generating solutions, and evaluating the effectiveness of the solutions. Conceptual disorders cause difficulties in generalizing the obtained information, its structuring, abstracting, or comprehending. Language disorders in dementia include difficulties in understanding and correct phrasing of spoken and written utterances. The causes of speech and language disorders can include hearing loss, neurological disorders, brain injury, intellectual disabilities, drug abuse, physical disorders (eg, cleft lip or palate), and vocal abuse or misuse. However, very often, the cause of language disorders is not known. At present, there are a few assistive technologies (ATs) for people with dementia such as speech-generating devices (SGDs), which can help enhance patients' verbal communication, and memory aids, which can help patients to recall names. All these assistive devices are described in length in the "ATs and language disorders" section.

The goal of this article is to highlight the role of ATs for managing language disorders in dementia in order to improve patients' quality of life. The focus is mainly placed on the use of ATs for language impairments in AD and frontotemporal lobar degeneration since they encompass the most common language disorders including nonfluent aphasia and semantic aphasia. In addition, ATs focused on training patients' memory are also mentioned since they can help patients to maintain their language skills.

Methods
=======

Methodological approaches
-------------------------

Traditional research methods are employed. First, a literature review of available sources defining language disorders and providing characteristic features of language disorders in dementia is used. Second, a method of comparison of different research studies exploring ATs focused on assisting people with their language disorders in dementia in order to postpone patients' need for institutional care is also exploited. Research studies were selected through searching for peer-reviewed articles in the Web of Science in the period 1945--2015. These research studies were classified according to their relevancy. The keywords were as follows: "Assistive technologies AND dementia" (the number of results was 190)"Assistive technologies AND language impairments" (the number of results was 48)"Assistive technologies AND language disorders" (the number of results was 28).

The selection of the final set of studies involved the following four steps: identification of keywords and consequently available relevant sourcesduplication checkassessment of relevancy (verification on the basis of abstracts whether the selected study corresponds to the set goal; after the exclusion of studies that did not meet the criteria, 131 sources were analyzed and 88 eventually excluded)use of available studies.

The duplication of articles was mainly found in the databases of Scopus and Web of Science when compared with other freely accessible sources. After the close exploration of the abstracts, articles that contained the keywords but whose findings were not aimed at the set goal were excluded. In addition, studies outside the time span, those that comprised the same findings, and those whose findings were outdated were also excluded ([Figure 1](#f1-ndt-12-533){ref-type="fig"}).

As can be seen from the results presented in [Figure 1](#f1-ndt-12-533){ref-type="fig"}, there are not many studies on ATs for managing language impairments in dementia. Moreover, research studies on ATs and dementia mainly deal with health care or telecare. The studies on ATs and language impairments/disorders focus on hearing and visual impairments, and if there is a study on language impairments, it is connected with mild or moderate dementia.

Language disorders and their characteristics in different types of dementia
---------------------------------------------------------------------------

Generally, a language disorder can be defined as an impaired language system, involving word finding, word retrieval, or anomia.[@b5-ndt-12-533] These language disorders result in inappropriate use of words and their meanings, inability to express one's ideas, wrong use of grammatical word forms, limited vocabulary, nonfluent speech, or talking too fast or too slow.[@b6-ndt-12-533] More specifically, language impairments include the form of language, which consists of the sound system of a language (phonology), the system that deals with the correct formation of word forms (morphology), and the system that is responsible for making the correct sentences and the relationships between the sentence units (syntax), the content of language, its meaning (semantics), and the role of language in social interactions (pragmatics).

Although language disorders are common among young children,[@b7-ndt-12-533] they also affect the aging population. Therefore, this article focuses mainly on language disorders in dementia, and particularly in AD and frontotemporal lobar degeneration, since they encompass the most common language disorders including nonfluent aphasia or semantic aphasia.

In the early period of AD, the language system and its comprehension is only slightly impaired, particularly in the areas of identifying and comprehending less known words, while the other areas of language such as communication, repetition, and understanding of the meaning of individual words or whole sentences are intact. However, in the second (mild) and third (severe) periods, most of the language is impaired.[@b8-ndt-12-533],[@b9-ndt-12-533]

Frontotemporal dementia is a less common form of dementia, but besides behavioral and emotional changes, it is connected with severe difficulties in language. People thus suffer from progressive nonfluent aphasia, which manifests itself in slow speaking, grammatically incorrect words, or impaired understanding of complex sentences. Patients can also have semantic aphasia. In this case, speech is fluent but patients have problems with finding words and understanding what the object is.[@b10-ndt-12-533]

ATs and language disorders
==========================

From the review study point of view, altogether 131 studies were researched. They are the most current comprehensive studies. The studies that focused on the selected types of technologies were 34 and those that aimed at the testing of technologies for given disorders were nine. The list of studies and their major findings are presented in [Table 1](#t1-ndt-12-533){ref-type="table"}.

AT devices and services were first defined in federal law in the Individuals with Disabilities Education Act of 1990 (Public Law 101-476). These definitions remained unchanged until 2004 with the passage of the Individuals with Disabilities Education Improvement Act (Public Law 108-446) when an exemption to the definition of an AT device was added to clarify a school system's responsibility to provide surgically implanted technology such as cochlear implants. AT devices are identified in IDEA 2004 as: "Any item, piece of equipment or product system, whether acquired commercially off the shelf, modified, or customized, that is used to increase, maintain, or improve the functional capabilities of people with disabilities.[@b11-ndt-12-533]"

For the purpose of this study, the authors follow the definition provided by Kerr et al[@b12-ndt-12-533] who see AT as: "Technological devices for personal use designed to enhance the physical, sensory, and cognitive abilities of people with disabilities to help them function more effectively."

However, most of the ATs are designed mainly for people with disabilities although they range from devices such as walkers that help to improve mobility to highly sophisticated devices such as sensor technology.[@b13-ndt-12-533] [Figure 2](#f2-ndt-12-533){ref-type="fig"} describes the different types of ATs.

ATs can help people with dementia to improve and prolong the quality of life and make the care provided by their family members, the so-called informal caregivers, easier since people are not able to carry out their daily tasks as the illness progresses. These ATs can delay the need for institutional care.[@b14-ndt-12-533] Thus, ATs can bring the following advantages for these affected people and their caregivers:[@b15-ndt-12-533],[@b16-ndt-12-533] promote independence and autonomy, both for persons with dementia and for those around them[@b17-ndt-12-533]help manage potential risks in and around the homepostpone early entry into care homes and hospitalsfacilitate memory and recallreduce the stress on caregivers, improving their quality of life and that of persons with dementia.

Moreover, incorporating ATs into treatment of people with dementia can also significantly contribute to reducing costs on placing these people in nursing homes.[@b18-ndt-12-533],[@b19-ndt-12-533]

[Table 2](#t2-ndt-12-533){ref-type="table"} describes the benefits of the selected types of technologies, and their economic aspects according to the available data and benefits according to their division -- into hardware and software -- are presented in [Figure 2](#f2-ndt-12-533){ref-type="fig"}.

Costs of ATs are not very high in many cases. In the case of software, a number of freely accessible applications can be used. The hardware components adjusted to the patient's needs correspond to common prices of technologies in a given area. The key problem with the costs is in the area of equipment supporting an overall mobility and independence of a patient. The availability and the benefits of technologies for managing language impairments are good.

However, there are a very small number of ATs now for patients with dementia who suffer from severe cognitive disorders, including language disorders.[@b20-ndt-12-533],[@b21-ndt-12-533] As Bharucha et al[@b22-ndt-12-533] claim, the literature on assistive devices for dementia predominantly focuses on the devices for physical disabilities or just on the engineering and computer science domains, and not really on cognitive or functional disorders. In their review study, they found out that ATs for cognitive impairments focused mainly on the development of memory aids.

ATs focusing on cognitive disorders can be divided into two types: ATs for cognition and for augmentative and alternative communication (AAC). According to LoPresti et al,[@b23-ndt-12-533] ATs for cognition disorders are usually sophisticated technological devices that aim at enhancing and improving cognitive procedures, for instance, concentration, remembrance, retrieval of information, spatial orientation, scheduling, or administration activities. The examples of ATs for cognition are prospective memory aids (PMAs) and retrospective memory aids (RMAs). PMAs are aimed at increasing the performance of multiple tasks on a daily basis (eg, memory glasses). Particularly, the memory glasses[@b24-ndt-12-533] can help people with dementia, since these kinds of technological devices can enormously contribute to recalling people's names and recognizing them in an easy manner. However, the evidence base for their effectiveness is nowadays quite restricted since clinical testing with impaired elderly people is lacking.[@b22-ndt-12-533] PMAs can also improve a sequence of steps in both single and multiple tasks. An example of such a device is AutoMinder.[@b25-ndt-12-533] RMAs include, for example, Microsoft's SenseCam, which is a portable digital camera and can make photos on its own. It makes a recording of all activities in a sequential order. Moreover, it does not require any special skills or training on behalf of a patient. Its purpose is to improve the patient's memory. Research studies[@b22-ndt-12-533],[@b23-ndt-12-533] have already confirmed a certain level of success in respect of cognitive functions in the treatment of AD in its early stages.

Furthermore, AAC refers to any strategy, technique, or tool that enhances, replaces, augments, or supplements an individual's capabilities.[@b26-ndt-12-533] Besides external memory aids such as notebooks, cards, or timers, these include SGDs and computers that act as people's schedules or reminders. SGDs or voice output communication aids are electronic AAC systems used to enhance or substitute speech or writing for people with severe speech impairments. These devices enable patients to verbally communicate their needs.[@b27-ndt-12-533] Therefore, SGDs are important for individuals who cannot express themselves verbally because they enable them to become active participants in communication interactions.[@b28-ndt-12-533] These devices can be used both with mild to moderate impairments and with severe speech impairments. For example, the study by Turner et al[@b19-ndt-12-533] describes the Communication Representation Employing Systematic Specification (CRESS) notation and toolset for designing prompting dialogues that can help people with mild to moderate cognitive impairment in their daily activities. But there are also devices that can assist people with aphasia: for instance, SentenceShaper that helps to produce structure utterances.[@b29-ndt-12-533] Researchers also try to use ATs for dysgraphia difficulties with patients suffering from chronic aphasia with the help of voice recognition software.[@b30-ndt-12-533]

Discussion
==========

Although age seems to be one of the key negative aspects in using any kind of technology,[@b31-ndt-12-533] research studies[@b32-ndt-12-533],[@b33-ndt-12-533] confirm that the older generation of people, aged 58--77 years, are nowadays much more digitally aware than they used to be 10 years ago. This is caused not only by acquiring more experience through different kinds of community and nationwide projects aimed at mentally impaired adults,[@b34-ndt-12-533],[@b35-ndt-12-533] but also by their desire to communicate with their family (eg, grandchildren). In addition, most of these patients have no difficulties in accessing computers.[@b36-ndt-12-533] Furthermore, research studies[@b33-ndt-12-533],[@b37-ndt-12-533],[@b38-ndt-12-533] also prove that elderly people seem to have fewer difficulties with the use of technologies but more with cognition (eg, difficulties in remembering steps) which appear to be time-persistent, and independent of experience and practice with technologies.

There are obvious benefits of using technologies, particularly AAC technologies, for managing language disorders in dementia. These technologies, besides acting as patients' reminders and schedules, can assist people in recalling and recognizing names. Moreover, they can significantly improve and substitute their spoken and written communication.

However, as the findings on the basis of the review studies[@b22-ndt-12-533],[@b23-ndt-12-533] show, ATs for people with dementia focus on the maintenance of cognitive functions in general, and there are only a few studies[@b17-ndt-12-533],[@b27-ndt-12-533],[@b28-ndt-12-533] on language disorders in dementia. Thus, the initiative taken by the Alzheimer's Association Working Group on Technologies, which made a manual for research of ATs and their development for the impaired patients who can still be on their own, can be a good starting point for this research.[@b39-ndt-12-533] More attention should be paid to the development of ATs focused exclusively on language impairments in all phases of dementia with special focus on aphasia. So far, there have been mainly studies concentrating on memory, safety, and communication but not really on assisting patients with their speech production.[@b13-ndt-12-533]

Future research should analyze the needs of impaired people as far as ATs are concerned and more clinical testing should be carried out in order to discover the desired positive outcomes. Peterson et al[@b40-ndt-12-533] also point out the fact that ATs will become more personalized to patient needs and user requirements. Thus, ATs should be designed in an intelligent, context-aware, unobtrusive, and passive way, which means they should be user-friendly and easy to use. In addition, they should be wearable, low-cost, and discreet. Simply put, they should meet user needs.[@b41-ndt-12-533] ATs could then also contribute to the treatment of other diseases such as epilepsy.[@b42-ndt-12-533]

Conclusion
==========

Overall, it seems that ATs are not implemented widely enough in the treatment of language disorders, but there are certain trends toward improvement in this area. It is obvious that present demographic changes of the world's population and an expected increase in the number of elderly people suffering from dementia, and particularly from cognitive disorders including language impairments, call for urgent research and development in this field. Therefore, collaboration of all stakeholders such as public organizations, academic institutions, and pharmaceutical and technological corporations, including patients, is necessary in order to cover economic, social, medical, and technological aspects of this issue.
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###### 

List of studies and their main findings

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Author(s)                          Name of the study                                                                                                          Goal                                                                                                                                                                                                                                       Main results                                                                                                                                                                                                                                                                                            Type of the study
  ---------------------------------- -------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------
  Bharucha et al[@b23-ndt-12-533]    Intelligent assistive technology applications to dementia care: current capabilities, limitations, and future challenges   To conduct a review of intelligent cognitive technologies, physiologic and environmental sensors, and advanced integrated sensor networks that might be applied in dementia care                                                           Assistive technologies (ATs) for cognitive impairments focused mainly on the development of memory aids. So far, there have been only six devices for progressive cognitive decline. A certain level of success was confirmed in its early stages                                                       Review study

  LoPresti et al[@b24-ndt-12-533]    Assistive technology for cognitive rehabilitation: state of the art                                                        To perform a thorough literature review in the area of ATs for cognition                                                                                                                                                                   ATs focused on cognitive disorders can be divided into two types: ATs for cognition and for augmentative and alternative communication (AAC)                                                                                                                                                            

  DeVaul[@b25-ndt-12-533]\           The Memory Glasses\                                                                                                        To determine the possibilities of using specific technologies for the improvement in cognition. The studies describe the following devices: prospective memory aids (PMAs) and retrospective memory aids (RMAs)                            Chosen kinds of technological devices could enormously contribute to recalling people's names and recognizing them in an easy manner                                                                                                                                                                    Specification and use of the selected types of technologies
  Pollack et al[@b26-ndt-12-533]     Project\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
                                     Autominder: an intelligent cognitive orthotic system for people with memory impairment                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

  Fried-Oken[@b27-ndt-12-533]\       Communication supports for persons with dementia\                                                                          To provide the specifications of the selected technologies for the support of language disorders, possible guidelines, and possibilities of their use                                                                                      AAC refers to any strategy, technique, or tool that enhances, replaces, augments, or supplements an individual's capabilities. These include external memory aids such as notebooks, cards, or timers, especially speech-generating devices and computers that act as people's schedules or reminders   
  Aetna Inc[@b28-ndt-12-533]\        Speech-generating devices\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  Blischak et al[@b29-ndt-12-533]    Use of speech-generating devices: in support of natural speech                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

  Turner et al[@b20-ndt-12-533]      Rigorous development of prompting dialogues                                                                                To describe the Communication Representation Employing Systematic Specification (CRESS) notation and toolset for designing prompting dialogues that can help people with mild to moderate cognitive impairment in their daily activities   The CRESS notation enabled several types of dialogues. The dialogues were automatically carried out on a VoiceXML platform and were assessed by volunteers                                                                                                                                              Testing of technologies

  Estes and Bloom[@b31-ndt-12-533]   Using voice recognition software to treat dysgraphia in a patient with conduction aphasia                                  To describe the use of ATs for dysgraphia difficulties with patients suffering from chronic aphasia with the help of voice recognition software                                                                                            Significant improvement in written skills was attained, but transmission of these skills for the Internet use was restricted                                                                                                                                                                            
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Benefits and economic aspects of technologies in support of patients with Alzheimer's disease

             Type of technology                                                                                       Benefits                                                                                                                                                           Economic aspects and availability
  ---------- -------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------ ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Hardware   Special switches, keyboards, and pointing devices                                                        They provide higher security and a better chance of communication; they can be time-saving for caregivers                                                          They are widely available on the market. There is an increase in the types of devices and their improvement adjusted according to a given type of disease; there is a declining trend in prices corresponding to the development of modern technologies
             Electronic devices, wheelchairs, walkers, braces, power lifts, pencil holders, eye-gaze, head trackers   They provide greater mobility and independence, and better security for patients. They can help patients to remember things and their schedules, or recall names   Because of high prices of many types of devices (eg, the average cost of an electric wheelchair is US\$7,000 but can range from US\$3,000 to US\$30,000), there is a chance of insurance contribution (the amount of insurance is dependent on the type and country)[@b43-ndt-12-533]
  Software   Screen-readers or communication software                                                                 They enable patients to communicate with their surroundings; some act as voice generators and improve patients' quality of life                                    In many cases, they are freely available; the price is dependent on the purchased hardware[@b43-ndt-12-533]
             Specialized learning materials                                                                           They act as support for the delay of the development of the disease, particularly in its early stages                                                              Many are freely available, for a charge or free of charge; it is necessary to buy the corresponding hardware; the price of specialized learning materials is not a limitation for their use
